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© Fail-free actuator assembly. 



© A mechanical actuator assembly which automati- 
cally releases the load controlled by the actuator 
when the actuator jams or otherwise fails. The ac- 
tuator assembly has two kinetic energy sources, the 
outputs of which are normally summed for applica- 
tion to the load. A monitoring device monitors the 
two kinetic energy outputs. When the relationship 
between those outputs deviates substantially from a 
predetermined relationship, the load is disconnected 
from the actuator assembly. 
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FAIL-FREE ACTUATOR ASSEMBLY 



Background of the Invention 

This invention relates to mechanical actuators, 
and more particularly to mechanical actuators 
which release the actuated load when the actuator 
fails. 

There are many requirements for mechanical 
actuators which release the actuated load when the 
actuator fails, thereby rendering the load free to 
move (e.g., under the control of another actuator 
which has not failed). For example, many of the 
movable flight control surfaces in aircraft are posi- 
tioned by redundant actuators. If one of these ac- 
tuators were to fail, it may be vitally important that 
the failed actuator not lock the associated flight 
control surface in the position at which that actuator 
failed. Instead, the failed actuator should leave the 
associated flight control surface "free" so that it 
can continue to be moved by the other actuator or 
actuators which have not failed. Actuators which 
thus leave the associated load free to move when 
the actuator fails are sometimes referred to herein 
as "fail-free" actuators. "Fail-free" does not mean 
that the actuator cannot fail; it merely means that if 
the actuator does fail, it does not fix or lock up the 
load, but rather leaves the load free to move. 



Summary of the Invention 

In accordance with the principles of this inven- 
tion, a fail-free actuator assembly includes first and 
second means for respectively producing concur- 
rent first and second kinetic energy outputs, third 
means for producing a third kinetic energy output 
which is the sum of the first and second kinetic 
energy outputs, fourth means for normally applying 
the third kinetic energy output to a load to cause 
the load to move, fifth means for monitoring the 
first and second kinetic energy outputs and for 
producing an output indication in the event that the 
relationship between the first and second kinetic 
energy outputs deviates from a predetermined rela- 
tionship, and sixth means responsive to the output 
indication for disconnecting the load from the third 
kinetic energy output 

Further features of the invention, its nature and 
various advantages will be more apparent from the 
accompanying drawings and the following detailed 
description of the invention. 



Brief Description of the Drawings 



FIG. 1 is a schematic block diagram of an 
illustrative embodiment of the actuator assembly of 
this invention. 

FIG. 1A is a view taken along the line 1A-1A 
5 in FIG. 1. 

FIG. 2 is a simplified longitudinal sectional 
view of a portion of the apparatus of FIG. 1 . 

FIG. 3 is a simplified elevattonal view of a 
portion of the apparatus of FIG. 1 . 
w FIG. 4 is a simplified longitudinal sectional 

view of an alternative embodiment of a portion of 
the apparatus of FIG. 1. 

FIG. 5A is a view similar to a portion of FIG. 
4 showing one possible modification of that appara- 
;s tus. 

FIG. 5B is a view similar to FIG. 5A showing 
that apparatus after release. 

FIGS. 6A and 7A show alternative ways of 
constructing a portion of the apparatus of FIG. 5, 
20 and FIGS. 6B and 7B show the apparatus of FIGS. 
6A and 7A, respectively, in the operating condition 
depicted in" FIG. 5B. 

FIGS. 8A and 8B are respectively similar to 
FIGS. 5A and 5B, and show another possible modi- 
25 fication of the apparatus of FIG. 4. 

FIGS. 9 and 10 are similar to FIGS. 5 A and 
8A, and show two more possible modifications of 
the apparatus of FIG. 4. 

FIG. 11 is a simplified longitudinal sectional 
30 view of another alternative embodiment of a portion 
of the apparatus of FIG. 1 . 



Detailed Description of the Preferred Embodiments 

35 "~ 

As shown in FIGS. 1 and 1A, a typical fail-free 
actuator assembly 10 constructed in accordance 
with the principles of this invention includes first 
and second motors 12a and 12b, each of which 

40 may be a conventional rotary electric motor. Mo- 
tors 12 are preferably identical to one another 
(although they may rotate in opposite directions). 
When actuator assembly 10 is operating normally, 
both motors rotate at the same time at the same 

45 speed. The kinetic energy output of motor 12a is 
rotating armature shaft 14a; the kinetic energy out- 
put of motor 12b is rotating armature shaft 14b. 

Shafts 14 pass through monitor device 16. Al- 
though those skilled in the art will appreciate that 

50 many other types of monitor devices are possible 
within the scope of this invention, in the depicted 
embodiment monitor device 16 is a mechanical 
differential-type device which produces an output 
proportional to the difference in the rate at which 
shafts 14 rotate. Spur gear 20a rotates with shaft 
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14a, and spur gear 20b similarly rotates with shaft 
14b. Spur gear 22a meshes with spur gear 20a and 
thereby transmits the rotation of spur gear 20a to 
spur gear 26a via shaft 24a. Elements 22b, 24b, 
and 26b perform similarly with respect to the rota- 
tion of spur gear 20b. Spur gear 26a meshes with 
spur gear 28a, which is rotatable mounted on a 
shaft 30a connected to housing or cage 32. Spur 
gear 26b meshes with spur gear 28b, which is 
rotatably mounted on a shaft 30b connected to 
cage 32. Spur gears 28 mesh with one another. 
Cage 32 is rotatable about the coaxial longitudinal 
axes of shafts 24. Accordingly, as long as shafts 14 
are rotating in the opposite directions at the same 
speed, gears 28 also rotate in the opposite direc- 
tions at the same speed and therefore hold cage 
32 stationary (i.e., prevent cage 32 from rotating in 
either direction about the longitudinal axes of shafts 
24). On the other hand, if shafts 14 begin to rotate 
at different speeds, gears 28 also rotate at different 
speeds, which causes cage 32 to rotate about the 
longitudinal axes of shafts 24. The rotational posi- 
tion of cage 32 is therefore proportional to the time 
integral of the instantaneous difference in the an- 
gular speeds of shafts 14. Stated another way, the 
rotational position of cage 32 indicates the cumula- 
tive difference in the amounts of angular motion of 
shafts 14, the relative angular positions of shafts 
14, or the phase difference between shafts 14. The 
rotational position of cage 32 is conveyed to quick- 
release actuator 80 by member 40. Note that moni- 
tor differential 16 does not transmit the kinetic 
energy outputs of motors 12; it merely monitors 
those outputs (in particular, the relative rates, 
amounts, or phases of those outputs). 

On the side of monitor differential 16 remote 
from motor 12a, shaft 14a is connected to torque 
limiter 50a. Shaft 14b is similarly connected to 
torque limiter 50b. Each of torque limiters 50 is a 
conventional device (e.g., a detent- or clutch-type 
device) for limiting the amount of torque that can 
be transmitted from the associated input shaft 14 to 
the associated output shaft 52. Preferably, the 
torque limits of devices 50a and 50b are different 
from one another. (Either of torque limiters 50 can 
be eliminated if desired.) During normal operation 
of the apparatus, devices 50a and 50b transmit all 
of the torque from shafts 14 to shafts 52. If the 
torque required to turn the output shaft 52 of either 
torque limiter becomes too high, however, the as- 
* sociated motor 12 has sufficient power to cause 

that torque limiter to "break-out", thereby allowing 
the associated shaft 14 to turn faster than normal 
relative to that shaft 52. ■ 

Conventional reversing mechanism 52c is pro- 
vided to cause shaft 52d to rotate in the opposite 
direction from shaft 52b. Spur gear. 54a rotates with 
shaft 52a, spur gear 54b rotates with shaft 52d, and 
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both of gears 54 mesh with spur gear 56. Accord- 
ingly, gears 54 and 56 normally cooperate to sum 
the kinetic energy outputs of motors 12 and to 
apply that kinetic energy sum to rotate threaded 

5 shaft 58. 

Shaft 58 threadedly engages collar 60 (see 
FIG. 2) so that rotation of shaft 58 causes transla- 
tion of collar 60 parallel to the longitudinal axis of 
shaft 58. Collar 60 is normally linked to bracket 64 

io by a plurality of balls 62 spaced around the cir- 
cumference of collar 60. The load to be moved by 
actuator assembly 10 is connected to the right- 
hand end of bracket 64 in FIG. 1 . Each ball 62 is 
mutually disposed in a recess 61 in the outer 

75 surface of collar 60 and an aperture 65 in bracket 
64. Each ball is normally retained in elements 61 
and 65 by quick-release actuator 80, which is 
shown in more detail in FIG. 3. As shown there, 
actuator 80 has a longitudinal projection 82 adja- 

20 cent each ball 62. Between projections 82, how- 
ever, actuator 80 has recesses 84. Accordingly, if 
actuator 80 is rotated by a sufficient amount in 
either direction about the longitudinal axis of shaft 
58, balls 62 will no longer be retained in elements 

25 61 and 65 by projections 82, but will instead be 
free to pass through recesses 84 and adhere to 
magnets 66.. This uncouples bracket 64 from collar 
60. As mentioned above, the angular position of 
quick-release actuator 80 is controlled by the an- 

30 gular position of cage 32. Actuator 80 is con- 
strained to move axially with bracket 64 by lugs 88 
extending radially inwardly into annular slot 68 in 
the outer surface of bracket 64. Telescopic cou- 
pling 42 (i.e.. a coupling which allows quick-release 

35 actuator 80 to move longitudinally but not angularly 
relative to cage 32) is included between elements 
32 and 80. In particular, telescopic coupling 42 
may include lugs 44 extending radially outwardly 
from coupling member 46 (connected to cage 32) 

40 into axially extending slots 86 in actuator 80. Once 
bracket 64 has been uncoupled from collar 60 by 
the release of balls 62, bracket 64 is free to move 
axially relative to collar 60. Accordingly, actuator 
assembly 10 thereafter plays no part in controlling 

45 the position of the load connected to bracket 64, 
and other actuator assemblies (not shown) which 
have not failed can continue to move the load 
without hindrance from failed actuator assembly 10. 
Considering now some of the possible modes 

so of failure that could cause actuator assembly 1 0 to 
uncouple from the load, if either motor 12 were to 
jam, shafts 14 would no longer be rotating at the 
same rate. This would cause cage 32 to rotate, 
thereby rotating actuator 80 and uncoupling the 

55 load. Similarly, if any portion of the apparatus 
downstream from torque limiters 50 were to begin 
to offer excessive resistance, the torque limiter with 
the lower threshold would allow associated shaft 14 
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to rotate faster than the other shaft 1 4. Once again, 
this would cause cage 32 to rotate, thereby rotating 
actuator 80 and uncoupling the load. 

The quick-release actuator 80 shown in FIGS. 
1-3 releases when actuator 80 rotates about the 
longitudinal axis of shaft 58. FIG. 4 shows an 
alternative embodiment in which quick release ac- 
tuator 180 releases when capture ring 182 trans- 
lates parallel to the longitudinal axis of shaft 158. 
Elements 40, 52, and 54 in FIG. 4 are the same as 
the correspondingly numbered elements in FIG. 1. 
Spur gears 54 engage teeth on the outer surface of 
hollow cylindrical member 184 in order to rotate 
member 184 about the longitudinal axis of shaft 
158 when gears 54 are rotated. Assuming that 
quick-release actuator 180 is engaged as shown in 
FIG. 4, pins 186 (which extend through member 
184 into recesses 188 in the outer surface of collar 
190) cause collar 190 to rotate with member 184. 
Collar 190 threadedly engages shaft 158 so that 
shaft 158 translates parallel to its longitudinal axis 
in response to rotation of collar 190. Bracket 64 
(similar to bracket 64 in FIG. 1 ) is connected to the 
end of shaft 158 and therefore translates with shaft 
158. 

Pins 186 are normally held in recesses 188 by 
capture ring 182. Shaft 40 conveys any^ rotation of 
cage 32 (FIG. 1) to spur gear 192 which engages 
axially extending teeth in the outer surface of cap- 
ture ring 182. A fixed finger 194 extends into a 
spiral recess 196 also formed in the outer surface 
of capture ring 182. Normally, shaft 40 does not 
rotate, so that capture ring 182 also does not 
rotate. If the actuator malfunctions, however, cage 
32 rotates as described above in connections with 
FIG. 1. This causes elements 40, 192, and 182 to 
also rotate. As capture ring 182 rotates, elements 
194 and 196 cooperate to cause the capture ring to 
translate parallel to the longitudinal axis of shaft 
158. As soon as annuiarly inwardly projecting cap- 
ture ring surface 200 is no longer adjacent the 
outer ends of pins 186, those pins are free to move 
out of recesses 188, thereby disconnecting ele- 
ments 190, 158, and 64 from the remainder of the 
apparatus. This has the same effect as releasing 
balls 62 in FIG. 2. If desired, any of several tech- 
niques, some of which are illustrated in FIGS. 5-10 
and described below, can be used to capture pins 
186 in their radially outward positions in the same 
way that magnets 66 capture balls 62 in the em- 
bodiment of FIG. 1 . 

In FIG. 5 ; pin 186 has an annular recess 186a, 
and the capture device is a spring 166a which 
springs into recess 186a as shown in FIG. 5B when 
pin 186 moves radially outward. Spring 166a may 
either have two opposing tines and be secured to 
cylindrical member 184 by screw 166b as shown in 
FIG. 6, or may have a single tine and be both 



secured and prestressed by pins 166c and 166d. 

In FIG. 8, a shutter or sleeve 166e actuated by 
spring 166f prevents pin 186 from returning to its 
radially inward position after it has moved outward. 

5 In FIG. 9, thus function is performed by spring- 
loaded bail 166g entering annular slot 186b in pin 
186. And in FIG. 10. thus function is performed by 
magnets 166h on capture ring 182. 

The actuators shown in FIGS. 1-4 and de- 

10 scribed above are linear actuators (i.e., brackets 64 
move linearly). However, the principles of this in- 
vention are equally applicable to fail-free rotary 
actuators. FIG. 11 shows how the embodiment of 
FIG. 4 can be modified to produce a fail-free rotary 

75 actuator. Elements in FIG. 11 which are substan- 
tially the same as elements in FIG. 4 have either 
the same reference numbers in FIG. 11 or refer- 
ence numbers which are increased by 100 over the 
corresponding reference numbers in FIG. 4. As in 

20 FIG. 4, spur gears 54 engage teeth in the outer 
surface of hollow cylindrical member 284. Pins 286 
extend through member 284 into recesses 288 in 
output shaft 258. Accordingly, rotation of spur 
gears 54 normally causes rotation of member 284 

25 and output shaft 258. If the actuator fails, however, 
cage 32 (FIG. 1) rotates, thereby rotating shaft 40, 
spur gear 292, and capture ring 282. When capture 
ring 282 is thus rotated, stationary tooth 294 coop- 
erates with spiral groove 296 to cause the capture 

30 ring to move axially. When capture ring surface 
300 is no longer opposite the ends of pins 286, 
those pins are free to move out of recesses 288, 
thereby disconnecting output shaft 258 from the 
remainder of the apparatus. If desired, pins 286 

35 can be captured in their radially outward positions 
as described above in connection with FIG. 4 (e.g., ^ 
by any of the techniques illustrated in FIGS. 5-10). 



40 Claims 

1 . An actuator assembly for selectively moving 
a load, said actuator assembly comprising: 
first means for normally producing a first kinetic 
45 energy output; 

second means for normally producing a second 
kinetic energy output concurrently with said first 
kinetic energy output; 

third means responsive to said first and second 
so kinetic energy outputs for normally producing a 
third kinetic energy output which is the sum of said 
first and second kinetic energy outputs; 
fourth means for normally applying said third ki- 
netic energy output to said load to cause said load 
55 to move; 

first force limiting coupling means operatively con- 
nected between said first means and said third 
means for preventing force in excess of a first 



4 



7 EP 0 325 027 A1 8 



predetermined force threshold from being transmit- 
ted from said first means to said third means via 
said first kinetic energy output 
fifth means for monitoring said first and' second 
kinetic energy outputs and for producing an output 
indication in the event that the relationship between 
said first and second kinetic energy outputs de- 
viates from a predetermined relationship; and 
sixth means responsive to said output indication for 
causing said fourth means to disconnect said load 
from said third kinetic energy output. 

2. The actuator assembly defined in claim 1 
wherein said load is free to move relative to said 
third kinetic energy output when said sixth means 
causes said fourth means to disconnect said load 
from said third kinetic energy output • 

3. The actuator assembly defined in claim 1 
wherein said fifth means comprises: 

seventh means for determining the time integral of 
the instantaneous difference between the motions 
of said first and second kinetic energy outputs and 
for producing said output indication in the event 
that said time integral exceeds a predetermined 
time integral threshold. 

4. The actuator assembly defined in claim 1 
wherein said output indication is motion of a me- 
chanical element wherein said fourth means com- 
prises latch means for releasably connecting said 
third kinetic energy output to said load, and 
wherein said sixth means comprises latch release 
means for releasing said latch means in response 
to motion of said mechanical element 

5. The actuator assembly defined in claim 4 
wherein said latch means is a mechanical latch, 
wherein said latch release means is a mechanical 
latch release, and wherein said actuator assembly 
further comprises a mechanical linkage between 
said mechanical element and said mechanical latch 
release. 

6. The actuator assembly defined in claim 3 
wherein said seventh means comprises: 

a mechanical differential assembly for producing 
motion of an output member proportional to the 
difference between the amount of motion of first 
and second input members; 

means for coupling said first input member to said 
first kinetic energy output; and 
means for coupling said second input member to 
said second kinetic energy output said motion of 
said output member being said output indication. 

7. The actuator assembly defined in claim 1 
further comprising: 

second force limiting coupling means operatively 
connected between said second means and said 
third means for preventing force in excess of a 
second predetermined force threshold from being 
transmitted from said second means to said third 
means via said second kinetic energy output 



8. The actuator assembly defined in claim 7 
wherein said first and second predetermined force 
thresholds are substantially different from one an- 
other. 

s 9. The actuator assembly defined in claim 8 

wherein said fifth means comprises: 
a mechanical differential assembly for producing 
motion of an output member proportional to the 
difference between the amount of motion of first 

w and second input members, said motion of said 
output member being said output indication; 
means for connecting said first input member to 
said first kinetic energy output so that the motion of 
said first input member is proportional to the mo- 
rs tion of said first kinetic energy output; and 

means, for connecting said second input member to 
said second kinetic energy output so that the mo- 
tion of said second input member is proportional to 
the motion of said second kinetic energy output 

20 10. The actuator assembly defined in claim 9 

wherein said fourth means comprises a releasable 
mechanical interconnection between said third ki- 
netic energy output and said load, and wherein 
said sixth means comprises mechanical means re- 

25 sponsive to motion of said output member for 
releasing said mechanical interconnection. 

11. The actuator assembly defined in claim 1 
wherein said first and second means respectively 
comprise first and second motors. 

30 12. The actuator assembly defined in claim 1 1 

wherein said first motor produces said first kinetic 
energy output by rotating a first shaft, and wherein 
said second motor produces said second kinetic 
energy output by rotating a second shaft. 

35 13. The actuator assembly defined in claim 12 

wherein said first force limiting coupling means 
comprises: 

a torque li miter connected between said first shaft 
and said third means for limiting the amount of 

40 torque that can be applied to said third means from 
said first shaft. 

1 4. The actuator assembly defined in claim 1 3 
wherein said third means produces said third ki- 
netic energy output by rotating a third shaft. 

45 15. The actuator assembly defined in claim 14 

wherein said fourth means comprises: 
threading on said third shaft; 

a follower member for engaging said threading so 
that when said third shaft is rotated about its lon- 

so gitudinal axis, said follower member translates par- 
allel to said longitudinal axis; and 
coupling means for releasably coupling said load to 
said follower member. 

16. The actuator assembly defined in claim 15 

55 wherein said sixth means causes said coupling 
means to uncouple said load from said follower 
member. 
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17. The actuator assembly defined in claim 16 
wherein said fifth means comprises: 

a first gear rotatable with said first shaft; 
a second gear rotatable with said second shaft; and 
a differential gear assembly including differential 
gear means rotatably mounted in a housing mem- 
ber, said differential gear means engaging both of 
said first and second gears so that when said first 
and second gears are rotating at the same rate, 
said differential gear means holds said housing 
member stationary, but when said first and second 
gears are not rotating at the same rate, said dif- 
ferential gear means causes said housing member 
to move. 

18. The actuator assembly defined in claim 17 
wherein said sixth means comprises means for 
connecting said housing member to said coupling 
means so that motion of said housing member 
causes said coupling means to uncouple said load 
from said follower member. 

19. The actuator assembly defined in claim 18 
wherein said coupling means comprises: 

a recess in a surface of said follower member 
which is substantially parallel to said longitudinal 
axis of said third shaft; 

a collar adjacent said surface having an aperture 
adjacent said recess; 

a retainer movably mounted relative to said collar 
on the side of said collar remote from said ap- 
erture; 

means for connecting said housing member to said 
retainer so that said retainer is initially adjacent 
said aperture, but so that when said housing mem- 
ber moves, said retainer moves away from said 
aperture: and 

a bail mutually disposed in said recess and said 
aperture and retained therein by said retainer un- 
less said retainer member is moved away from 
said aperture by motion of said housing member. 

20. The actuator assembly defined in claim 14 
wherein said fourth means comprises: 

a follower member concentric with said third shaft; 
coupling means for reteasably coupling said fol- 
lower member to said third shaft so that when said 
third shaft is rotated about its longitudinal axis, said 
follower member rotates with said third shaft; and 
a fourth shaft in concentric threaded engagement 
with said follower member so that when said fol- 
lower member rotates with said third shaft, said 
follower member translates parallel to the longitudi- 
nal axis of said third shaft 

21. The actuator assembly defined in claim 20 
wherein said sixth means causes said coupling 
means to uncouple said follower member from said 
third shaft. 

22. The actuator assembly defined in claim 21 
wherein said fifth means comprises: 

a first gear rotatable with said first shaft; 



a second gear rotatable with said second shaft; and 
a differential gear assembly including differential 
gear means rotatably mounted in a housing mem- 
ber, said differential gear means engaging both of 

5 said first and second gears so that when said first 
and second gears are rotating at the same rate, 
said differential gear means holds" said housing 
member stationary, but when said first and second 
gears are not rotating at the same rate, said dif- 

10 ferential gear means causes said housing member 
to move. 

23. The actuator assembly defined in claim 22 
wherein said sixth means comprises means for 
connecting said housing member to said coupling 

is means so that motion of said housing member 
causes said coupling means to uncouple said fol- 
lower member from said third shaft. 

24. The actuator assembly defined in claim 23 
wherein said coupling means comprises: 

20 a recess in a surface of said follower member 
which is substantially parallel to said longitudinal 
axis of said third shaft; 

a pin extending through said third shaft so that a 
first end of said pin normally projects into said 
25 recess; 

a capture ring adjacent the second end of said pin 
remote from said recess for normally holding said 
first end of said pin in said recess; and 
means for connecting said housing member to said 

30 capture ring so that said capture ring is initially 
adjacent said aperture, but so that when said hous- 
ing member moves, said capture ring moves away 
from said second end of said pin, thereby allowing 
said first end of said pin to escape from said 

35 recess. 

25. The actuator assembly defined in claim 14 
wherein said fourth means comprises: 

a fourth shaft concentric with said third shaft; and 
coupling means for releasably coupling said fourth 
40 shaft to said third shaft so that when said third 
shaft is rotated about its longitudinal axis, said 
fourth shaft rotates with said third shaft. 

26. The actuator assembly defined in claim 25 
wherein said sixth means causes said coupling 

45 means to uncouple said fourth shaft from said third 
shaft. 

27. The actuator assembly defined in claim 26 
wherein said fifth means comprises: 

a first gear rotatable with said first shaft; 

so a second gear rotatable with said second shaft; and 
a differential gear assembly including differential 
gear means rotatably mounted in a housing mem- 
ber, said differential gear means engaging both of 
said first and second gears so that when said first 

55 and second gears are rotating at the same rate, 
said differential gear means holds said housing 
member stationary, but when said first and second 
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gears are not rotating at the same rate, said dif- 
ferential gear means causes said housing member 
to move. 

28. The actuator assembly defined in claim 27 
wherein said sixth means comprises means for 5 
connecting said housing member to said coupling 
means so that motion of said housing member 
causes said coupling means to uncouple said 
fourth shaft from said third shaft. 

29. The actuator assembly defined in claim 28 io 
wherein said coupling means comprises: 

a recess in a surface of said fourth shaft which is 
substantially parallel to said longitudinal axis of 
said third shaft; 

a pin extending through said third shaft so that a 75 
first end of said pin normally projects into said 
recess; 

a capture ring adjacent the second end of said pin 
remote from said recess for normally holding said 
first end of said pin in said recess; and 20 
means for connecting said housing member to said 
capture ring so that said capture ring is initially 
adjacent said aperture, but so that when said hous- 
ing member moves, said capture ring moves away 
from said second end of said pin, thereby allowing 25 
said first end of said pin to escape from said 
recess. 
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